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PREFACE

This report covers the beginning of a separate phase of human factors ts ~~t

methodology development of the US Army Tropic Test Cen ter. While past efforts ha~e
concentrated on human performance in the humid tropics (i.e., vision, audition,
portability/load carrying, land navigation ability, nfle.fire accuracy), this effort turns to
the subjective domain of materiel evaluation. The work was supported by the US Army
In.House Laboratory Independent Research (ILIR) Program.
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I. IN l ROL)Ut l ION

In lest . t ’ t  51( 55 lnt l l t . t t b.u lss .u L . th ~~~~ has tradiistsnalI~ pLi& td h igh s .ilue oft the
R ( .tIU C •ffl(j pri kicin ts  oI list ! ~“ s s.a .11151 1 I lentc. t he 4 tinctpts ‘‘I h oop t ests . sct ~ lee

test s~ to re c de ’ . t i  spment .uttl 
~‘f’~

•
~~ 

tiiiiai ICSIS has c IS  I 4t~rtl, a~ ttistiitguished from
cIlgIl lecl ing and dts s. lupineiital tes t s . I he l.ittcr tsw s idd quali ti talise indit es • .t I I4 I I IV .J ! t

lit ! hirnianee tune It. using. utiabtlil~ anti maintainabilit ~ . Div feomt s .su sat  tell iss ssed by
.ubjectis ’e mtthods anti II is sss dels recognited that the sub j t t i ~~e esaluatisins .tre ( It t Ie sl t o

the dep lo’. melu 1,1 n( S% lsat dw.*re I lelt is . Ihe~ add the important human fat isir which is
mttepenetent ‘‘I (ilglnc( rIIsg (1.11.1 ~ l the saute time . sufi~~t I tSr  fltcasur’ s arouse suspi iun and
UfleaSIlics’. .li1bIIlt ~ tU II%\ 5 ’. stern e’.~ luj tors . Sutijc~ii’.e measures arc prune (si s.iur ( eS ill
error , to  lIlt I t I t te hia’. s of m I t t s  1( 551’ , .111(1 mnICr%Ic%s ivs , resistance to change, sheer
d isinterest o f (C~ t participants and the ( l.issit .iI errors ul halo, horn, hello gs ~~~ c , centra l

tendenc~ , JeqLIlesCcflt ri-spouse scis , and man~ more. Gui l furd . 1 4

flw Army h.ss adopted t w o  general approaches to rcsulse the problem. I lie fi rst
approach is to Improve data it 9ulsition techniques in t)bt.tit’i$fl~ infonnat iun f rom soldiers.
this invohes making the suhjectis c tec hniques more s vslematu . Sin c the I’~ ~0’s. much
effort and many improsemen’ s have been made in the kselopment of strurtured ifflrrs Jew

techniques, StJfl(lardiZCd questionnaire development , rating sc.tks. panel evaluation, and
checklists. However , there have been no true state-ol.thc’art at l ’ . anccs sInc e the 1940’s when
the “forced-choice” es .t luation technique was devdoped for personnel assessment. The
questionnaire and rating sca k tcchnohtgv being used in the 1970’s is substantialh the same
as that in use (luring World World II.

The second approach , w hich ha’. greas popular appeal, is to make the stih j e l i s t .’
evaluations more objective. That is , the human factor is appfll.tI llcd from a quanttlalis r
viewpoint. Instrumented performance courses have been des eloped to measure factors such
as speed, accurac’ . , completeness , and relevance for a go at  variety of militars tasks.
Phys iological indicators such as heart rate , body temperature . and basal metabolism hase
also been widr)~ used in performance assessment. Iluwe’.c-r, hundred’. of studies bas e shown
that object ive performance measures do not predict the subjective expu ssI .tns of t es t

participants. Rather , performance measurement has furnished .tn indispensable hut
independent measure of the human factor. The technology of subjective assessment has
come to a s irtual standstill.

Over the past 25 ~cars , a success ful small scale and low visibility program has begun to
show promise in the area of subjective measurement. The work has been carried on in
var ious university laboratories in the general area of “psychophysical scaling.” The intent of
the present study is to transfer this technology Its Army materiel testing.

In the process of kscribing human performance demands ‘‘I new complex systems , i t
is important to recognize the cx istcnec of performance problems , to identify their source,
and to measure their magnitudes . 8y eliminating or reducing the magnitude of the problem,
the overall efficiency of a system may he increased. But the first step in eliminating a
problem is often a subjective report of its existence. An operator or caintroller ol a new
system may express ditlicultv in its “handling,” but not he able’ to pinpoint the source of
the problem or directly measure its magnitude. Typical subjective measurement scales
produce “category-scaled” data with units that arc ordinal at best (allowing rank-order
comparisons , hut not statemen ts as t i~ amount ai f difference or absolute lcvel).Sh11 n1 ~~. 19 7~
Category-scaled data may he contrasted to da ta  derived from more s( j eflhI fj c methods of

systemat ic measurements that produce “rat io.scaletl” data (having ,an ;tlisolttte / c t u  antI
units t hat may he legitimatel y manipulated mathematicall y).



II. PROBLEM AND OBJ E CI lV i

I his i t i ~ es t i gat ion a t l a s  ks i hi’ prtiblt’ni s . f  sthta in h i ig .i t i ta a i  i t a t a t i s  e su bjec u S e  tuieasus e ‘ .1
c h i t .  t iSCtl.ss S\It ) l l  during kse las prnetstal t est laig of ~~i i r i s  m a t e r a s i .  FVpK .11 .lIC~tfl)’

• ‘I urrent siW 
~
ii l i v e (f lit s l i t  an,i.iii es I ‘I iS ide airdutul data t iu.u i t an tita ili.. r be

inanipui ti s . f  ns.itlu ’ntai it .iUs be’t ontl simpit’ sutnufl .it ia,n f l ai r can be .inaly i rs f  si .itislit all’.
bt’v s uid ii. iti pJ r .itne t r u t e s t s  ‘‘I part it is ineil I’ ~~ ‘

u ses l i i i  in (s i  rg . t t ia  ‘n wil I ties daip
~.r tu .  si akd pi a .t ed t i t t s  f . , i  ‘‘htaining ~a uli j i . u s e  u~auesIuaiusn.aitr i t s f H a~~ .es Ihe seientilit
met hl ii m.sv the rs he .tppl i r t l  to stuh j e , lus t ’  d a t a .  S%lol’. iiij ~ ha ddi,u att’d (flute

lii. BA K(;ROL:ND

( il l r i’m guides f or  s ubjecu use (10( 51 ia .u lu i i g  
~~~~ 

St ua,nnairt design, .a iiaf t l.a i i  .iui,il~ sis
int lutle .1 ~s ot t  .uriet s all lea Ii niqucs. l i t  Ii te c u nique , alt Its suigh well used and serS’ usc- f iii up
to a point, f i ts t he same st aling iii. ‘Hen iii s ,ir~ iui g degrees I U ()\l Pam 602- I). • sa upt
iss i  free-response ‘.uh1et I s e  quest uaa isiuig. the pr01)lt’m is that at - s pa indents arc too iii lii

i s  r u .  irm to pi ese t st a les . t here fa Ire Is Psutig the freedom ta a respa and Inure ~~ r tsi i ts d~ ari(l
precist’l~ a t e .  aitling to their feelings .anaf a apunj a ins. F rce .i rrsss s r  ‘ ir s .pt’ii’ended q~~a s t  i o u  rig is
useful in exp lorator~ st t idies w here i e s t r o t  i ‘us in R’sp. arIse fo rm ma~ inhibit express is in ‘ a !

potentialls important persi s i t u I tisigh i , ‘r is usc- f u I  as it billow-up let fst i ic 1t ie for amplifying
or explaining s .tird response s In either cast’ , result ing serlhdi/at iorl’, ,ire t a t  mo re t ist in
formulating quest ions th.in in dass ume nu ir ig reps ‘ rsst levels; response st aling methods do f l a t

apply tn the problem ui this it isestigatl ian. Questi onna re designs other than the
ty pe con tam spc’c ilic (j ul’51 ra ins . c i a  Ii reqiii a rig a rt sj )s  .iitlt’n t la i n ‘ ‘ i i  form to a preset response
niode. I’he ins ss t  b.nii s a t  t hest is  the’ (lit hail a sins PUS mode ss h e r  e the response is the
equis aknt I s ’ s  sir  no (ss ‘ t or t  tfl les mfi ( lUdiflg a di ird don t know apt 1 ( 5 1 1  ~. l’he con sI f ur! of
the dicliut . lf l ( ’ L ls response pta aS i a l t s liii st I i s j t i s  It ’ .  la i  t im tlegree s ’ f  S es riess air ‘‘fl t st ie s’.
t hat the respondent ma% be able to ex p ress  Al t hanugh gest ores or erbal comments may
j uaIik these rcspa rlst s j i tht’ unit u hme ~ are ret ,art led, .unalvses • ‘I the il,it.i arc denied siR hi

atl’ .aflLs~~Is  anti .iri limited it ’  the ane rsu mp liFicti respailist ’ sp l i t .

I lie next level ~ i u sj os i i sc  sip liis t~~ it i ’ ’ r i  eontains .i h~~~t of utn ~~’ ’ i t t  uII~ ss tied
met hiinisms iricltulirig rntul t i pk i to •icr ca r checklist response s (where one or more of a
ust imber of .ilternauise nominal t i  t c t ~’ aries j r  c to be checked iii preference to others), and
ra ting 55  it t ’. (where the rtsp~ ‘mien t is i sa  se lc e i a ~ne e.utegory from an ordered series such .is
00 ~~r •./ , ‘7fl i , r ~ liii!, proble m s’ ifli~~ii/iai1 ( l11~U U lt , UT i~~ rs 

~

/ Z

~ 

tu uli ). Rating categor ies are
sa- r b~u1 , niinierit ii , or hi i ii. Some .tr e t omposed of a no merrc ,ul st ale (rat civ ( ‘ S i t  10 Points
on t he c int mnuorn ) combined with a s erhal india ir at each of ti m e c x  tr emes , hut not .i t the
muddle points , s u c h us:

1 2 3 4 5 6 7 8 9 10

Agree Disagree
Strongly Strongly

Although rating scales arc used to gain a degree ol sensitivity to variation in possible
response’., and are superior to dichotomous sc.uit s in that rcpc’et , rating scales arc
na, iic t hclcss ordinal, w ith some (ha.scd on standardized phrases) aehie’. mug .n quasi’interv al
nature. the points along rating scales arc designed iii assumed It> he evenly spaced for
put-post s a,l analyzing response levels. I la iwesur , unless t he response categories of a ratin g
sca le havi been shown to be equally spaced by w d\ ( I f  standardized weighting procedures ,
then interval scaling cannot he assumed and (lit more powerfu l parametric St at st ies ur n
inappropria I ( .

I F(~~IM P~m~ht.-r 602-I , Vo l. I, Que-sl isi nnair t- and Interview Des ign (Subj ective- Testing le t t a ni qucs) , 25 J u t s  i975.
4 
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A gaa&ad t x a imt j mk a s i  time’ 1~~a ah l t i i m  ta t  t h is u n s e s l i g.mlu s a u l  in.n la seen Ii’. a xaui i u uuui lg th is-
it.uluue a u f  .t Is, pc a u t  s l u i a f t n t i s t  t~1ie5tiaa1mu11g th a t  ss us felt aa ul a u iii i s s i t g s . u i r g  1i.ui i tgi ~ 1di iii:
iii is p iul pa ~~ ~~~ ~~ ~l’”’.1 us sr i  ~ is pit a1 ranking question pft ’setm t s a u iu iu i be, nsf itt -Ills
t i m _ ut the r esps ant ie ’umu is t s k ett  Isa put il l rai l k order _ ut t a  ura iru ug isa iii ’. peIs~ iui..l pu t I e i  clii i ~fi

e’s.tnm pk’ us :

Rank the to! lowing types of helmets in the order of your preference.

(1 = most preferred, 2 = next preferred , etc.)

(a) New, Type I ______

(b) New , Type II ______

(c) New, Type Ill ______

Cd) Standard

A pit  ut i la r  ssdd ieu who Im_ ippt ruet l  Ia , like t hu ness , I ~ ~e- I, helmet best would PUt the
number I tan the t u is t  line, faa lltawed Pe’rlm.t i)s ii~ i_ in ks ol 4 , 3 , at i t i  2 bar u s  i a t ri u u iu u r i g  itt- rn’ .,
I s’ .[)e( t useR - ~tt.i I~ se -s s i t  ti me c f _ i t _ u ire limited to those appro priate i so  ordina l rneasui emcrit
becat use it e •tnna,t he infe rred I m a in  the r.inks, fa i r  In stance , how mug -lu mora that si tu helmet
is pit- le t red t a a  time others. Rut suppose we Iii ted the ri-str ic t IOn if l  t .a t t t ~U a l l  ass iuzui ,uhle

t , t t i Ls  from 1 t I ’rou &’h 4 t (a  0 Ihro~~lu aiz~ ’ number i/ia’ suMter wa nted to uce Fi ur themmaa rc ,
bec ,ui tss - our soi ls-tv generally ,&ss ’ ’c i , t I es  “ large ness ’’ with “gona duics’ .,’’ sse could turn cu t
sc ale around and ask the s ,ahlic r t ‘ ‘ think of Ieraa as rep t us in t ung the leas t preferred helmet
imu~ irt il s ic to him, and pl.ucc n a  a rest ru h a  an on Iii’. ass ignment s al  .u imui mber Is a the helmet
t hat is nii.,’.I preferred urn his own scheme of preference. ’ lhcn the su s lit ier whaase preIt - rc ri( C

fur the new , Type It , helmet was extrcm c1~ (ow , but nut as laaw as something else that ts ,ss

liot (Ill t he list , could i f l t  new , t ype II , its 9, new , -l ype Ill. as 100. t i’’ St .ut t r iitrd is 210 .
and, if new . 1 \ pe I, ss t i e  far  out am his own Preference si .ule , he ‘ s t r i c t  rate - it as 9000 ii t iiat
number represented the ss .t his pusIerc nce r .irt t By transforming the r .ut i tmg sa .ule into an
unuun~,tnai ncd numtric,nI field and alit’s’ . ing ti1 subj ce t as mats - ti ntirnh,ers ((I b i t s  feel in gs , a
higher order of sc aling occurs, t he scale not tsnI~ gtx~s from ordtr tal i ’ s  uri t e rs ,d (where sse
calm say t hat the difference between new , lvpe II, and ness . lype Ill . pit h rio e was
91 lOt) — 9), hut also goes to ratio (where a real zero preference lesel alIt ’s’. ii’. us s.i’c that
his preference f r r  the new , lype 1, helmet w~ s 1000 lime’s gu i rter th an h r  net- - I pr 11,
and 43 times greater than the Standard helmct).f

lie foregoing illustratc(I the problems associated with categuar\ •aling ad stll i le-ct ive
questionnaire responses. The last exam p le introduced the pss chaa p h% sit .ui rne,usturement
approach—cross-modalit y matching—that this iris c -s t i g .t t i an ssii l t .ukc uiwaral their solution.

IV. APPROACH

the general approach to the problem is to apply the ratio scaling lechinut ines S I f

psychop hysical ers iss-m oda lity matching to SU1)j cCt iVt questioning. Ratio st~cIing i s .t fairly
recent sta t e - nu t-the-art adsancement in psychological measurement. For ‘use r 200 ‘.cars ,
psychologists and physicists have been building a case  that thc interis it~ t s i  ,r st trnct lt ts aml

Thc exact wor ding of the question and the basis of his preference (weigh t , shap e- , balan ce ) wa,uld be imp orIant issu es to
reso ise in an actual t a-s i , but net-ti not be ad d rt ssc s l hu rt in a discussion of res t as uns e scaling.

tA gain , prob lems surrounding question w a,rding , practice , varying ranges among indlvidu ats . anal data reduction techniques
aru ar ias of ne-t -dv d research , but t ha- sca ling eu i n .up t may hu dis c usse d separate ly From t heir so t uti on at this t imu

5
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the nn.tgimi tutte of the senis,t t i taui s’ .ci a ui ’l.atett .ut is ’ !  t h u g  taa -l las g.U Ill itIuut f t i t i t  t l aa l i .  I ls .s ’ . e % t u

in the’ Lus t 2 u  s t a r s  S S Si u s  n t i s , at usa li g s ’ t h i t ’ r s , sh i sas ’ .  n i t  ttm~it tilt ’ laigatutluniiui f iunt titan Is

h i i s e ’ ( t  f a u r i nus t  t o n t i n m t i a  Is es .uust’ a t . i t j  wi ne iaa l let t e uf  t hna a t u g li partitioning

prnaeedures j tt ihginmg s n tbt l i s, usia arts tsr .ippare’tmt chit I ( - uei lecs thu a u tu ghu su c h methtad s as just

ns at ie e,tbk’ t hu  f e - r i - n in e- s 
~j  NI)’.), ta u t- i t i ta n j nunlgu i mg r,utuas.

“On pr ithi ’ cor~ tnI1a ‘‘ )c~~- cont rina tin’ s ’ru ie f w it t u T . ” iSit ’ ~n 
~~~‘

amount , thi i,jri,ibi~ it , , H f  hence the JND, t en l~ to  IN -a ’~e ill

ropO r lIO n t~ i t ~ iid(~flI~~l it COnSti IUefl h~~. the counting off of
p r kk r’ e t ic  ~~~ It’,~’j s 1k ) d Iü;ar r l h ru i iC  ~uflCtiOfl ~J h a r m  usIr t I tnhing

b i t -  ures i r u : i i j  nq bisect ic u ani~ cat ’~jory scaling) ar . apt ‘-

pri~tht~l ~c contint ua there resuits a ased nc tion, a ~~~~~ ‘ii i ‘I ‘ u t  iS

cur’.~ i r~ t~ t v ~’ ~o t~~n - scale of rr ,ji;n ut , , je - t ’ - r r ~~ fl ‘ I) , ratio scaling
procedures.

“Scales uf percep t jaf magnitude may be create’ i by ,a’~ nng observers t ’
match numbers u ~timu I i BegInning in 1953, it was -~io.’. ru t h u  ctn
:ir thet nc continua the ru~rct ’ vs-d magn ’ f ’ increases as a power
fu nc lion of the st imulus magnitude E tch ‘ > f i ~ity  has ~ own
exponent , although the value o’ th~ exponent ma~ change w ith
adaptation , contrast and other ri,ir ur . a ter~ of u i r  e~ ps-r i  ins’nt I
exponent of the power t J f (  ‘ion determines t~~t -  c’ irvattj re •~ the
function The basic prtnc iplc that underlies the o~~n’r law is t i  ‘at equal
stimulus rati os produce equal ss ri~~i~ ion ratios ~ ~~ ~‘‘~~‘ 197 5 . f ’t ’ 3

Sn, , t he uscful basic (o nCept Iis’iiind psvchop hysut ai ‘.c j lj rt tt is th.ui ‘‘nneasuren) c-nl -‘ is j

process or proccdtire - t hat cant he app lied it , se nis ~u l i a,ns , i r s - e l an ins t is , aur  s uhu lec tu s  e

questit)nnaire responses. \I ’as urt rnent is much hra u~t cIe r than esOint it i~ t a r entimer.rt itmg t hin gs
in terms of j  physical1~ counta ble unit . Ste’ .ens, I ~~~~~~~~ ~~~ ‘ ‘p ,st ’ni ‘‘rn,it hing” to he thin basis

of all rneasuremen t counting w as exp lain ed as .i spt’ci.n l a use of m.ttchirig, where cc ‘srd ’~ .01(1

numerals have come to he substituted fa ) r the a urigtn~sl pia nedut - s a l  m atch tug pebbles .
notc hes on a stick , or ta llies t n t  the items t a t  interest (measuring imni t tme rns si t% ) . Sie s ins

regar ded measurement as a “two- part endeavor , Ca unsist rig ca n t ic’ sa tit’ im.nul s a t  tn.i nj pulat itsrms
and on the tither of models. ’’ lie exp lained the nsme- ,isture-rnent proc edure .as .u “s( ir(-m~ipiric
enterprise . - - the schematics nif mathernat i ts  and th e emp irrcs 1 labtu r .uts ‘Is u ,j o - r .u t n ,  ri’..
Mathematics can mirror man ipulations , f n it  it no longer legisl at es their irec s ia um . We ris iW
recognize t hat measurement -x tends to wite res i t  s’.’ c~mn inse!mt s ’ . s l ern .u t r t  rink’s fair
punning numbers (In things.” When the niles irtsol v t- .u p ru oa ’ t h t t re  I on d irectly matching a
perceis-ed magnitude along sine con! innum I t s  a perceived m~ugtm itt i t le out ana athe’ r cu ot t  inutrnm ,
the magnitude of t h e- sc’nsat is)tt has been shn wn I s ’  he a p515%-er f u nc t ru  ‘t i  s a l  the stimulus , and
a rat inu-sca led meast urerne rmt results .~

S 1 a i t ? 1 s , 19 7~

In order (a , understand the natu re s u l  t h e’ l)nttl k’m ,in inl rt ’ss t ’ il Isv this un ises t ig i t i on , and
the scope nil the methodology stated in the next section , the iollt,w inig measurement and
psychop hysical terms and reluttis insii i ps ,irc of fered. The~ have been ct)mpile(t from a re -si t - ’ . ’ .
of approximatel y 200 articles and books pu blished in the area s f  psy(-hop hvsics in the i,usc
live years. ‘t erms an(l examples not refereneed upninm their initial tsr are the authors ’, lit .tn
attem pt to bring the cascade 01 terms m It ,  sa ‘me ~~~~~~ 

ise , t hey hase been placed (forced
in SuinC cases , perhaps beyond the l imits a f  their original intent) into u t entt , u n is c t axonsim’,
that will undoubtedl y chaugn- as i t lsest i gat ions progress. The terms are pre-sented f i r s t ,  (lie’
taxonom y is ,llows.
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Iv  pt ’s of Mt’asuretuent Scales or Continu a

Proth -r ue -5 ti VS ’ ’i ~ ~~~ ~~ Re- lens  It) quauilntali’.e (a ,f l t IJ IUa on sshicli the degree s a t  a stimulus

t s r response f l t i t % be st ale,i f lit’ stituhi ltis-rersplilise ~SR) is ,uttf i t i%t , affasss ing a me tsur e -meitt

of “how much” or ‘‘hns’.’ . much t f l larr ” a stimulus us pri-wntrui tar a rrsj ata nlw iS n iat ft

Contrasted to metathet ut .

~~~~~~ 197~ ; Refers to quu*Iiiaticr , positioflj l a i sillii iu.u as H sihit h alulk n c - nO kin ds
of sensations may be categori zed. l’a i s u t r s s r t s  tar t  th e continuum arc indepcnakni. ailowu.ig

— substitutive meast’rc -unt - u ut  c a l ‘‘ s lit ft- it - rut  Irasm in kits ,! “ SIc - s ens gis t’s an ~~~~t tt i ) it - t hi .u t

ss ’ .eet is (metathc’ticahlv) different f r aam sour, aithtaugh Is ’ ‘iii may van’ (prtatht ’tic.tlls )
from strong to weak

Heterothct ic: Refers to an SR rel.u t us ,:msh uji wherein btith pra tht’tui anti mctathct ic tamt int ua
must be measured is ar I t s  (Iescripli’ n i.

lntcroceptivcSL~ 
li t ea fl , 1973 Ret c’rs to suhjt’c list’ , j udgmental .ts pt - is t t  a sensat iaan I - a

which no direct physical in- ,ssurrmc’ri t is appropriate Iasr all indisuitrj ls , . ~f .us ti c

metat hetically scaled to distinguish basic pr is pert ies . .\ l.u~ he pnathcticalhy scaled ( a ø

distinguish among ics els ‘~i intensi ty .  Examp les arc anx iety , hunger, anger, t i t l i s t , and
fatigue.

Extera ,ceptive~ Jll~’a?1~ ~~~~~~ Refers Ct ’  t s is ~~- misc , phys ical aspects of a s ’nsatic’n lair w hit Pt
reliable data may be fixed It) the stimulus. Is prothetical f y sn ala n!. Exam ples arc brightness ,
loudness, heat , and weight.

Het erocept ive : Refers to ~t tt SR relationship wherein ha ith interasceptiv e and cxte rsxcp l is t’
continua are necess.ut y for its (lcscription.

Intensive: Designates iti’ .t- ’ .t ig~ui ion of a single ( s i n e )  stimulus air response that t.may be e ither
simple (consisting Iii one prothetically measured part ) or complex (c i ‘ t i s I s t  in-, t i f  a set aaf

more than one interrelated , prothetically measured om psa nent parts) ; c ’ ’ t t t r . i s t e d  Iii

“extens ive.” A suggested example f a simp le intensive stimulus is a snr .u igh t lint’ measured
by its length. An example of a complex intensive stimulus may be brightness , as mi’asured
by flash duration and luminance.Mar

~~
, 1974 Prothetic measu res must he stated in aan de r l a s

ensure that component parts are totally accounted for and can he interrelated. Othcr’ .’ .tse,
the existence of in undiscovered unrelated part may require a redesignat iaom to “extens ive’ .”
Designations of intensive are based on “current krnawkdge” and arc there fore tc - n t a t s n  ,it

best.

Extensive: Designates investigation of compound (two or more unrelated) stimuli (Sr
responses, each of which may be either simple or comp lex. ,\n exam p le is the site ,

operability, portability, maintainability, and safety of a weapon.
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Tentative Taxonomy Based on Selec ted Psychophysical TerminolOgy

Type of Scale Nu~~r~ ‘ Nj ture of Research
Measurement Contint,~n ,, ~ Response (A)  Product

PsyChophysiia~ Intensive Single Single
tStevens, 1975) heterocep~Ive simple simple between S & H

prothet ic t hy’a cal ser -~
,’ r ons or Ipuwe r function

I ni,,usur ed) per cep t i  a s -x  punent
(measured)

Example Stevens 1973 provides ri~anv examples of power 4 f l (  t :i’f l

exponents W) , whert- the’ A magnitude (~~
) grgws as a power fun~~tofl

the S magnitude (~
) in the form ~ K~P, where ~ u s a constant

dependent on the units of measuremen t For pert s r . e d  loudness of a
3000Hz tone, ~ 0 ~7. for discomfort from whole body rCa ~i d t : (~ ri .

(3 = 07~ f or per ceived ‘ ,.tnes s of hf te i weight. ,3 1.45

* * *
Psychosensory lnt. risuve Physical Single Relationship
(Marks, 1974) unteroceptuve (measurement complex among R corn-

prothetiC irrelevant ) sensations ponents n’~ua-
(measured ) tion valid f or

all levels of S)

Example: Marks 197 1  used the example that the loudness it a souni
heard by two ears tLb~ 

equals the sum the loudness heard by the left
(L j ) and right (L r ) ears (Lb = L1 + Lr). The magnitude et the stimulus is
irrelevant and need not be measured to determine the psychoSeflsory
function

* *
Sensory- Intensive Single Sensations or Relationship
physical ex teroceptive complex perceptions among S corn-
(Marks, 1974) prothetic physica l (measurement ponents (equa-

(measured) irrelevant) ti on valid for
all levels of R)

Example: Marks 1974 also provided the example of Bloch’s law of

temporal summation wherefrom constant brightness (K b) is the
product of flash duration (t)  and luminance (L); Le., (L x t K b ) .  The

magnitude of the response level on a scale of brnghtness is irrelevant and
need not be measured by psychophysical methods to determine the
sensory-physical relationship

* *
Psycho- Extensive Compound Compound Collective
attitudinal heteroceptive complex simple evaluation from

heterothetic physical and attitudes diverse separate
situational (measured) H elements (sum-
(measurement mary & analysis
irrelevant) of A pattern)

(cont)8
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Example: Evaluating various aspects of attitude of a population toward
an objec t or situation such as assessing troop acceptability ~t a new
mi l i tary i tem used in a harsh environment Ps’ chophysica l
measurement methods used to obta in mult iple ratio-scaled
questionnaire Rs, Ratio-scaling Provides level and pattern of iTt i t udes
toward object or situation; provides base for ccrnpari’ ri~ across obj ect’~or situations.

* * *
The preceding taxonomy separates types of measurement on the bases of the degree sa l

complexity and duplicity of the stimulus and response, and whether or not the stimulus and
response must be measured. For psychoph ysical measurement , bot h the stimulus and
response must be measured; each is single and simple; measurement relates the magnitude of
one st imulus to the magnitude of one response, For psy chosenso ry measurement , onlY the
res ponse is measured; the response is single but complex ; measurement relates the
magnitudes of the component parts of the response. For sensory-ph ysical measurement ,
only the stimulus is measured; the stimulus is single but complex ; measurement relates the
magnitudes of the component parts of the stimulus. For psycho-attitudinal measurement ,
only the responses are measured ; the responses are com pound and simple; measurement
descr ibes the magnitudes of diverse responses that may or may not be related, It is within
the final or psycho-attitudinal type of measurement of the preceding taxonomy that the
current investigation lies. The reason is that the goal of this ins estig-at ion is to develop a
subjective measure of effectiveness (and associated instrumentation) that would require a
single procedure for measuring a series of attitudes , the natures of which may be quite
different (compound attitudes). The other three types of measurement are aimed at
intensive investi gations of sing le sensations or perceptions , measured by highly specia lized
procedures and instrumentation that may be of little value across the many responsa -’. to a

questionnaire.

V. METHOD

SUBJECTS

During initial SMOE developmental stages of each of the response modes , inhouse
personnel will be used on the basis of their availability. During validatio~ ;tages , random
samples of in-house personnel will be used in addition to representative troops from the
193d Infantry Brigade (Canal Zone). It has been found that a group of 10 individuals
prov ides data stable enough for validating psychophysical power ~~~~~~~~~~~~ 1975 . p 30

During field trials, test subjects will be the personnel who operate , maintain, or are
ot herwise involved in active tropic testing o f materiel from whom subjective questionnaire
responses would normally be obtained.

PROCEDURE

General SMOE Development Program. To show how the specific procedures of this report
fit into the longer term objectives of the SMOE development program, it will he helpful to

out line the general program procedure first ,

9



r
a. Modal development is the first stage. Eac h response m ode mnses t i g a t eu l  m u s t

undergo a modal development stage where material s and methods will be establ ished , ii u.sl
tcste d, and honed to a point where validation Ut m odal response patterns mn,u~ be’ atte m pted.

b. Psychophysical validation will he the second stage ol the program. Man) re-sponse
modes hav e been used by psychophysical experimenters over the last 25 years. Each has an
associated power function exponent that has been replicated many times. The estal,lished
exponents , then, may sem -~e as criteria against which the materials and procedures dt-s eloped
in the previous stage may be sa lidated. For instance , it has been determined that when a
person draws lines on a paper to repr esent the magnitudes of numbers spok en to him, the
lengths of the lines are in a I I ratio to the magnitude of the numbers he hears. Therefore. ml
prodtucing a line were considered as a useful way of gauging the intensity of an attitude ( aa r
each of a ser ies of attitudes as on a questionnaire), then the procedure for producing the line
(exact instructions , size of paper) should be shown to )-ield a 1:1 relationship to the
magnitude of spoken numbers as an initial calibration step. Similarly. ii producing a
matc hing tone were to be a basis for measurement , the calibration step would be to replicate
the .67 power exponent found to exist in magnitude estimations of tones. Response modes
that do not compare favorabl y to appropriate criterion values will then be recycled through
the development stage as many times as necessary to insure that the procedures for
obtaining subjectiv e responses via the mode in use do, indeed, produ ce ratio-scaled responses
with acceptable power function exponents. Figures 1 through 4 sho~s various meihiads sa l

ratio scaling techiiiques .

~~~~~~~~~~~~~DVM~~~~~~~~~f Rheostat

L ÷1uI+~Battery

Figure 1. Ratio Scaling by Varying Voltage—A subject could control a voltage from some
minimum to some maximum by changing the position of a rheostat. His response
would be read as a number on a digita l voltmete r .

10
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Figure 2. Ratio Scaling by Use of Frequency Control—A subject would control a variable
frequency source. By listening with headphones he could set his response
according to the highness or lowness of the frequency. His response would read as
a number on a frequency counter. The number could vary from zero to the limit
of the frequency source.
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Figure 3. Ratio Scaling by Use of Loudness Control—A subject would move a volume control
and set the loudness of a sound in accordance with his likes or dislikes. For
example, the louder the sound the more he likes or dislikes an item. His response
could be read as a number either on a voltmeter or a sound-level meter. ~~
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c. Psycho-attitudinal validation is scheduled to fol low the psychop hysical
validation discussed above. Each response measurement mode will be tested for its validity
to measure known amounts of difficulty to perform soldier-item tasks that are
representative of subjectivel )- measured human factors aspects of tropic testing. In order to
ensure that all important human factors aspects arc covere d in this stage of the investigation,
two mock test items ss-ill be built. The purpose will be to ensure that the amount of
difficulty to perform tasks, the stimuli , can be controlled and measured to provide known
criteria. Each mock item will be identical to the other, except for superficial aspects chat
make one appear to be a test item and the other to be a control item. The nature of the
items may not be unlike a chemical-biological shelter system used in the tropics. Various
soldier.item interfaces (such as force to open a door, weight of movable components, light
levels, noise levels, control manipulation force , temperature, clarity of operating manuals)
will be set at different known levels in each of the items (with the difficult interfaces not
necessarily being all in the same item). At this stage of SMOE development , combat troops
who would normally use such an item will be test~d for their subjective responses to
difficulty in performing the tasks. Ratio-scaled subjective responses obtained through the
mode(s) being developed ma)- be compared to known, preset , levels of difficulty in carefully
designed and controlled experiments. Examples of types of validity and reliability studies
that may be conducted are : ability of a psychophysical response mode to reflect various
known levels of difficulty; sensitivity of a response mode to small differences in preset levels
of difficulty (at low levels, intermediate levels, and high levels of difficulty); stability of
response level when preset levels are identical in test and control items—tested same point in
time; stability of response levels over varying lengths of time between trials on the same
item, set to the same level each time; comparisons among various response modes , including
typical category scales, on all of the above; and reaction of troops to measurement methods.

d, Field validation will be conducted after the various response modes have been
validated and compared as outlined in the preceding paragraphs. The most suitable modes
will be tested in the field during regularly scheduled trop ic tests of materiel items.
Comparison of combat troop response to test items will be made using data from
ratio-scaled SMOE and data obtained from typical category-scaled techniques. An example
of field validation would be a series of simple experiments using two items, standard and
new; say entrenching tools— standard “old” and NARADCOM’s “new.” Have 20 soldiers dig
two holes each; then, use a potentiometer to compare pre ferences. Also use one or two
paper and pencil scales ; analyze for: ( 1) reliability of ratio scaling from soldier to soldier; (2)
correlat ion between ratio scaling and paper/pencil scales.

e. SMOE modeling will be performed with techniques that prove to be effective for
obtaining ratio-scaled subjective responses for a variety of typ ical materiel items scheduled
for tropic testing. Techniques w ill be formalized into standard test operation procedures and
associated instrumentation suitable for use throughout the Army.

Program Application.

a. As an examp le of how the SMOE program would work , let us consider a typ ical
situation in which a test item, say a new protect is’c fragmentation vest or helmet where item
acceptance relies heavily on subjective data from troops , is compared with a stan dard item.

13



The comparison is generally required in several environments (temperate, humid tropic,
arctic, and desert), in numerous tactical situat ion s (attac k, defense , parachuting), and a
myriad of functional capacities (bod y movement , stab ility, com fort , compatibility,
vu lnerabil ity , maintain ability safety, confidence). Each of the functional capacities may be
covered by several specific questions on the degree of difficulty in performing specif ic task -s
(moving the head, keeping balance , stay ing cool/warm, interfering with rifle firing, seeing,
providing camouflage).

b. The test situation calls for a multivariat e analysis that would not onl y uncover
major problems with the test /control item , but also identif y possible inte raction effects; the
test system may be of greater ut ility in one environment and of lesser utility in another
environment, with the opposite being true for the control system. Given a coord inated test
program where methods and instrumentation are standa rdized (e.g., potentiometer slide and
taped instructions and ques t ions) , rat io-scaled subjecti v e data could be analyzed, for
instance, in a 4 (environments) x 3 (tactics) x 8 (functions) x 5 (tas ks nested within each
function)—a powerful analytical tool not legitimate for typ ical subjective data.
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